Petrography, major and trace elements, mineral chemistry, and Sr, Nd, and Pb isotopic ratios are reported for igneous rocks drilled on the northern flank of the North d'Entrecasteaux Ridge (NDR) during Ocean Drilling Program (ODP) Leg 134 Site 828. These rocks comprise a breccia unit beneath a middle Eocene foraminiferal ooze. Both geophysical characteristics and the variety of volcanic rocks found at the bottom of Holes 828 A and 828B indicate that a very immature breccia or scree deposit was sampled.
INTRODUCTION
One of the major objectives of Ocean Drilling Program (ODP) Leg 134 was to investigate the nature and tectonic evolution of the d'Entrecasteaux Zone (DEZ; previously referred to as d'Entrecasteaux Fracture Zone; Kroenke, 1984) , a zone of aseismic ridges that is colliding with the Western Belt islands (Espiritu Santo and Malakula) of the New Hebrides Island Arc.
The DEZ comprises an east-trending ridge (North d'Entrecasteaux Ridge, NDR) that is elevated 2 to 4 km above the seafloor, and a seamount chain (South d'Entrecasteaux Chain, SDC), which includes Sabine Bank and Bougainville Guyot (see also Baker et al., this volume) . It exceeds 100 km in width and extends more than 600 km from New Caledonia to Vanuatu (Fig. 1) .
Before ODP Leg 134, samples from the DEZ had been obtained by dredging (Maillet et al., 1983) and, more recently, by submersible (Collot et al., 1989 . Drilling at Site 286 in the North Loyalty Basin, located approximately 75 km south of Sabine Bank, was carried out during Deep Sea Drilling Project (DSDP) Leg 30 (Fig. 1 ).
Petrographic and geochemical data for dredged rocks indicated a mid-ocean ridge basalt (MORB) affinity. Fission track age determinations range between 36 and 56 Ma (i.e., between the Eocene/Oligocene and Paleocene/Eocene boundaries; Maillet et al., 1983) . In contrast, a clear calc-alkaline affinity was recognized for igneous clasts in the middle to upper Eocene andesitic conglomerate of Subunit 3B at Site 286 (Stoeser, 1975) . Because Site 286 bottomed in ocean-floor gabbroic rocks, the provenance of these andesitic clasts may lie in the southern portion of DEZ. Data from Maillet et al. (1983) and Burne et al. (1988) suggests that the SDC represents the remnant of an Eocene proto-island arc. Baker et al. (this volume) document andesites with island arc tholeiitic (IAT) affinity at Site 831, and recovered igneous rocks from submersible surveys confirming an arc geochemical signature for Bougainville Guyot. In this framework, the NDR could be interpreted either as a slow-spreading ridge close to an active island arc (Maillet et al., 1983) or as an intraoceanic arc produced during south-dipping pre-Miocene subduction (Collot et al., 1985 Burne et al., 1988) .
Petrography, major and trace element (including REE) analyses, and Sr, Nd, and Pb isotopic determinations are presented in this paper to elucidate the nature and magmatic affinity of the igneous rocks recovered from Site 828. This study also contributes to the interpretation of the volcanic rocks (particularly those at Site 829; Coltorti et al., this volume) drilled in the Vanuatu forearc region, and the process of collision/accretion between the NDR (Australia-India Plate) and the presently active volcanic chain of the New Hebrides Island Arc; and the tectono-magmatic significance of the DEZ, including the geochemical affinity and volcanic evolution of its southern part, particularly Bougainville Guyot (Site 831; Baker et al., this volume).
SITE LOCATION AND STRATIGRAPHY
During Leg 134 two sites were drilled in the DEZ: Site 828 on the northern flank of the NDR, and Site 831 on the summit of Bougainville Guyot. Site 828 is located about 2 km west of the trace of the New Hebrides trench and about 40 km from the western coast of Espiritu Santo island (Fig. 1) .
Two holes were drilled at Site 828: Hole 828A(15°17.34'S, 166°1 7.04'E) and Hole 828B (15°17.26'S, 166°16.96'E). They are situated on a flat, terrace-like surface at -3080 mbsl (3087 m for Hole 828A; 3082 m for Hole 828B), about 1000 m below the highest part of the NDR. Geophysical surveys identified a basin-like feature just below the sedimentary cover and above the presumed basement approximately 300 mbsf. Hole 828A cored 111.4 m, recovering 101.34 Four lithostratigraphic units primarily from Hole 829A have been described. Unit I (0-58.7 mbsf) is composed of a Pleistocene sequence of volcanic silt, with interbeds of graded volcaniclastic sand to silt with foraminifers. Unit II (58.7-69.3 mbsf) consists of totally unconsolidated foraminiferal ooze with late Miocene or early Pliocene to Pleistocene nannofossils. Unit III (69.3-90.8 mbsf) is a highly bioturbated, early to late Oligocene foraminiferal ooze (Reid et al., this volume) . The Unit Will contact marks a biostratigraphic hiatus, and most of the Miocene is missing across this boundary. Unit IV (90.8-111.4 mbsf) consists of volcanic breccia and brecciated lava flow deposits. Igneous clasts, ranging in size from 2 to 5 cm, are angular to subrounded and embedded in a silty to clayey sand matrix. A few middle Eocene planktonic foraminifera were found in the core catcher. Igneous rocks were recovered at the bottom of both holes: 7.4 m in Hole 828A and 0.16 m in Hole 828B. The wide variety of volcanic rocks encountered indicates that the "basement," for which more homogeneous basalts might be anticipated, was not penetrated. The rocks sampled probably represent a very immature breccia or scree deposit.
ANALYTICAL METHODS
X-ray fluorescence (XRF), major and trace element analyses (excluding rare earth elements, or REE) were conducted aboard the JOIDES Resolution, at the Institute of Mineralogy, Ferrara University (Italy), and at the Institute of Mineralogy, Petrology and Economic Geology, Tohoku University (Japan). Shipboard analyses were performed on glass discs for major elements and on powder pellets for trace elements, using a Compton scattering technique for matrix absorbing corrections (Reynolds, 1967) . Major element data are considered accurate between 1% and 5%, whereas trace element accuracy varies from 2% to 10%, except for Ba and Ce, which exceed 10% (see "Explanatory Notes, " Collot, Greene, Stokking, et al., 1992) . Analyses from Ferrara University were performed on powder pellets using a wavelength-dispersive automated Philips PW 1400 spectrometer. Major elements were determined by a full matrix correction procedure (Franzini et al., 1975) , whereas for trace elements experimentally determined correction coefficients were used (Leoni and Saitta, 1976) . Accuracy and precision for major elements are estimated better than 3% for Si, Ti, Fe, Ca, and K, and 7% for Mg, Na, Al, Mn, and P; for trace elements (above 10 ppm), they are better than 7% for Rb, Nb, Y, Sr, V, and 15% for Zr, La, Ce, Ba, Ni, Co, and Cr. Analyses of reference standards AGV 1 and BR are reported in Table  1 for comparison. Loss on ignition (LOI) was determined by a gravimetric method. REE and Y were determined at the Centre de Recherches Pétrographiques et Géochimiques of Nancy (France) by inductively coupled plasma (ICP) emission spectrometry with an accuracy of 15% for Yb and Lu and better than 8% for the other REE (see analyses of reference standards from Roelandts and Michel, 1986) . Analytical methods for analyses performed at Tohoku University (including REE) are described in Hasenaka et al. (this volume) .
In order to facilitate comparison between analyses from different laboratories, Fe 2 O 3 was calculated as 0.15 FeO, and analyses were recalculated to 100% on an anhydrous basis.
Analyses carried out in the different laboratories display very reasonable agreement. Some discrepancies can be observed in the SiO 2 and CaO contents, and are probably related to variable degrees of alteration, even in samples very close together in the core (most of them as clasts). Trace elements, particularly those considered unaffected by secondary remobilization, show good agreement, except Y by ICP, which is systematically lower (about 15%) than by XRF. Isotopic analyses were carried out at the Laboratoire de Géochimique Isotopique, Université de Montpellier, after leaching with 2N HF + 0.5N HBr mixture and cold 2.5N HC1 (see the analytical methods section in Briqueu et al, this volume).
Minerals were analyzed at the University of Leeds (UK) using a CAMECA SX-50 electron-probe microanalyzer fitted with three wavelength-dispersive spectrometers and a LINK 10/55S energy-dispersive system, at an accelerating voltage of 15 kV, and specimen current of 15 nA. Natural silicates and oxides standards were used, and the raw data were corrected using CAMECA proprietary software. For more details see the analytical methods section in Baker et al. (this volume) .
PETROGRAPHY
All the igneous rocks recovered, except one (Sample 134-828B-2R-CC, 3-6 cm), are basalts. They are predominantly non-(or sparsely) vesicular, generally hypocrystalline, fine to medium grained, and aphyric or moderately to highly porphyritic. Groundmasses have intersertal to intergranular textures, and hyalopilitic textures are common where glass is particularly abundant. Microlites of Plagioclase often occur as radiating or feathery aggregates. Textural relationships indicate that the crystallization sequence is olivine then Plagioclase, followed by clinopyroxene, and finally Fe-Ti oxides. Primary textures are well preserved, despite the high degree of alteration. Extensive oxidation has resulted in reddish/black halos and patchy development of Fe-hydroxides. Alteration products include clay minerals as the devitrification products of glassy mesostasis, serpentine after olivine, chlorite, minor epidote, and calcite after mafic phases and, more rarely, also after Plagioclase. Crosscutting veins and fractures of various widths (0.3-2.0 mm) are infilled with calcite, smectites, and minor zeolites. These secondary assemblages are typical of low-temperature submarine alteration. The occurrence of zeolites and the local development of chlorite and epidote may be attributed from prehnite-pumpellyite to lower greenschist metamorphic facies (Elthon, 1981; Alt et al., 1986) . Primary mineralogy and texture have been used to distinguish four main groups of basalts and one rhyolitic group, which are discussed below:
1. Aphyric to sparsely Plagioclase + clinopyroxene-phyric basalts. These basalts have lath-shaped Plagioclase and rounded clinopyroxene microphenocrysts as isolated or glomeroporphyritic aggregates. Clinopyroxene is frequently hourglass-zoned. The groundmass is intergranular, fine-to medium-grained, and comprised of skeletal plagioclase microlites with small clinopyroxenes, opaque phases and glass. Where glass is dominant, textures fade through hyalopilitic to almost aphyric. Opaque minerals occur in irregular patches, or replace mafic phases. The rare veins and fractures are infilled with microcrystalline calcite, clay minerals and oxides.
2. Moderately olivine + plagioclase-phyric basalts. Euhedral plagioclase (2%-3%), partially replaced by clay minerals, and olivine (<l %) pseudomorphed by serpentine, constitute the phenocrysts. The groundmass is intersertal in texture, with tiny microlites of plagioclase and small clinopyroxene and oxide interstitial grains. In places, textures become hyalopilitic with abundant, partially devitrified glass between Plagioclase microlites. Crosscutting veins and fractures are filled by calcite in their cores and zeolites and smectites at their margins, with the thinnest veins containing microcrystalline calcite, oxides and clay minerals.
3. Highly olivine + Plagioclase phyric basalts. In this group, large olivine crystals (15%) up to 2 mm across, which are totally pseudomorphed by serpentine and minor calcite, occur with highly altered Plagioclase laths (5% and up to 2-3 mm). The latter often have narrow, fresh rims. Intergranular to hyalopilitic groundmass contains skeletal, H-shaped Plagioclase microlites intergrown with acicular clinopyroxenes in a quench texture, set in altered glass. In some samples (e.g., Sample 134-828A-15N-1, 20-22 cm), the phenocrysts are rimmed by opaque minerals, and altered, partially devitrified brown glass constitutes the entire groundmass. Spherical or lobate vesicles (-20%) are filled with radiating fibrous calcite with a "cockade" texture.
4. Dolerites. Samples with doleritic textures occur close to the bottom of Hole 828B. They are holocrystalline, medium-grained with idiomorphic Plagioclase laths slightly opacized by clay minerals, and interstitial subhedral clinopyroxene and opaque minerals. Extremely rare olivine microphenocrysts are totally pseudomorphed by iddingsite. Chlorite is widespread, both replacing primary mafic phases, and as a dispersed secondary mineral.
5. Rhyolite. This rock type is represented by a single porphyiitic clast (Sample 134-828B-2R-CC, 3-6 cm) in which euhedral, cloudy, albitic Plagioclase and deformed, embayed, quartz phenocrysts are set in a fine-grained groundmass composed of quartz and alkali feldspar. Chlorite and epidote, together with minor oxides, replace a rare femic phase (biotite?).
MINERAL CHEMISTRY
The petrographic descriptions above indicate that the basaltic rocks from Site 828 were strongly altered via rock-sea water interaction. Few minerals have preserved original magmatic compositions. No olivine relics were found. Occasional groundmass plagioclases have compositions around An 70^72 , whereas all others are almost pure albite. Several small grains of spinel and magnetite were analyzed in Samples 134-828A-15N-1, 22-25 cm, and -15N-1, 120-122 cm, respectively. Spinels have Cr 2 O 3 contents varying from 38.0 to 39.4 wt%, and mgv (mgv = Mg/[Mg + Fe 2+ ]) values around 0.67. Neither TiO 2 contents (0.24-0.56), nor Cr/(Cr + Al) values of spinels can effectively discriminate between MORB and back-arc basin basalt (BABB) magmatic affinity (Dick and Bullen, 1984) . Magnetites have low TiO 2 contents (0.26-1.28 wt%).
Clinopyroxenes are the only phase that has been largely preserved. Representative compositions are reported in Table 2 , and all analyzed grains are plotted in the pyroxene quadrilaterals in Figure 2 . All clinopyroxenes fall in the salite to augite fields and are normally zoned. Those from Sample 134-828A-15N-1, 22-25 cm, plot in a restricted area and are characterized by lower SiO 2 and higher A1 2 O 3 contents compared to other clinopyroxenes. In the Ti vs. A1
IV diagram (Beccaluva et al., 1989) , clinopyroxenes from this sample plot to the right of the MORB pyroxene trend, whereas the other samples parallel the MORB trend, but at lower Ti contents (Fig. 3) .
WHOLEROCK GEOCHEMISTRY
Major and trace element analyses of basaltic samples recovered from Site 828, together with Sr, Nd and Pb isotopic ratios, are reported Maillet et al. (1983) and .
in Table 1 . Due to the high degree of alteration of these samples, their chemistry must be interpreted with care. Seafloor weathering effects are particularly reflected in the high LOI values, between 2.6 and 9.6 wt% (except for two samples that have LOI < 2 wt%). Alteration and the occurrence of secondary calcite filling veinlets and vugs result in anomalously high CaO (up to 20 wt%), coupled with low SiO 2 contents. On the basis of major element geochemistry, the volcanic rocks from Holes 828A and 828B can be classified as basalts (SiO 2 < 53 wt%); a rhyolite (Sample 134-828B-2R-CC, 3-6 cm) and a dolerite (Sample 134-828B-3R-CC, 6-7 cm) were also recovered. At least two compositional groups of samples can be identified: Group A is characterized by TiO 2 content less than 1.05 wt% (usually around 0.7 wt%), A1 2 O 3 between 14.9% and 18.2%, and Na 2 O ranging from 2.99% to 5.03%. Some lavas of this group are notable for their picritic tendency, with mgv values reaching 0.80, MgO up to 14.9 wt%, and Ni up to 190 ppm. Group B, on the other hand, has TiO 2 content around 2% (1.9%-2.0%), A1 2 O 3 consistently lower than 15%, and Na 2 O greater than 5%. Samples within this group are more evolved than Group A, with mgv always < 0.6, MgO content between 6.7 and 8.1 wt%, and Ni from 112 to 76 ppm.
The two groups are well separated on a Ti-Zr discrimination diagram (Fig. 4) ; Ti/Zr values of Group B are always <IOO (67-97), whereas Group A has values ranging from 107 to 225. Other trace element ratios, such as Zr/Nb, Zr/Y, Ba/Zr, or Sr/Zr also clearly distinguish between these basaltic groups, with only minimal overlap (Table 1) , although Ba and Sr may have been affected by secondary mobilization.
The MORB-normalized incompatible element patterns (Fig. 5 ) permit a more comprehensive comparison of the basalt geochemistry, although elements on the left side of these diagrams are susceptible to secondary mobilization (Philpotts et al., 1969; Alt et al., 1986; Bienvenu et al., 1990) . Three diagrams are drawn, two for group A (Figs. 5A and B) and one for group B (Fig. 5C ). Samples 134-828A-15N-1, 119-120 cm, -15N-1, 122-123 cm, -15N-2, 3^ cm, and -15N-2,7-9 cm (Fig. 5C ) have almost flat patterns close to 1 × N-MORB abundances, except for K, Rb, and sometimes Ba. This, together with the geochemical features noted above, indicates a MORB affinity for these rocks. In contrast, lavas of Group A (Figs. 5A and B) are depleted relative to N-MORB in the elements from Nb through Y, and enriched in K, Rb, and Ba. In this respect, the distribution of high field strength elements (HFSE), considered immobile during rock-seawater interaction (Mottl and Holland, 1978) , is of particular interest in identifying Sun (1980) . Normalizing values from Sun and McDonough (1989) .
magmatic affinities. The picritic lavas plot around 0.5 × MORB for HFSE (Nb to Y), and between 2 and 20 × MORB for low-field strength element (LFSE) (except Sr). The other rocks of this group (Fig. 5B) , apart from a slight scatter for Ce, have HFSE levels between 0.3 and 1 × MORB levels. The presence of a negative Zr anomaly is a peculiar characteristic of these rocks. The marked depletion in HFSE of sam-pies in Group A is atypical of MORB magmas, but similar to the well-documented HFSE depletions in lavas associated with subduetion, including I AT and many, but not all, BABB. The chondrite-normalized REE patterns of the two different groups (Fig. 6) Sr ratios for Group A and B lavas are unusually high (0.7043-0.7062) for both MORB and intra-oceanic island arc volcanism. This is probably due to rock-seawater interaction, which commonly increases radiogenic strontium (Hart et al, 1974; Menzies and Seyfried, 1979; Brown et al., 1989) . Sun (1980) , White and Dupré (1986), and Wilson (1989) . New Hebrides Island Arc field from Briqueu et al. (this volume) . NHRL = North Hemisphere Reference Line. • BABB Figure 8 . MORB-normalized incompatible element patterns of BABB and P-BABB lavas from Site 828 compared with picritic MORB (Wood et al., 1979) and upper pillow lavas of the Troodos ophiolitic complex (Cameron, 1985) .
between 0.76 and 0.51. In summary, petrographical features, major and trace element geochemistry, inter-elemental ratios such as Ti/Zr, Zr/Nb, Zr/Y, and the only available isotopic determinations point to a normal MORB magmatic affinity for these rocks. Group A lavas are moderately (Group Al) to highly (Group A2) olivine + plagioclase-phyric basalts, the latter showing a picritic tendency. Their magmatic affinity and geotectonic setting is debatable. Both basalt types are characterized by variable enrichment in LFSE and pronounced HFSE depletion, together with higher A1 2 O 3 and lower FeO (at the same MgO) contents with respect to MORB-type lavas.
Picrites from mid-ocean ridges usually have lower LFSE (when the effect of secondary alteration can be ruled out), slightly higher HFSE, and significantly higher Nb contents (Wood et al., 1979; Sun et al., 1979; Sun, 1980) than Group A2 picrites (Figs. 5 and 8) . Some basaltic rocks from the Troodos ophiolitic complex have petrographic and geochemical features comparable to these NDR rocks. In fact Group I and II basalts of upper pillow lavas, despite somewhat lower TiO 2 contents (0.30%-0.60%), have Ti/Zr (100-120), Zr/Y (2.2-2.0), and Y/Nb (9-15) values (Cameron, 1985) , and MORB-normalized incompatible element patterns, which resemble Site 828 picritic basalts (Fig. 8, Table 1 ). Cameron (1985) concludes that these Troodos lavas have arc tholeiitic affinities. Because of the intermediate MORB/IAT compositional characteristics and the high modal olivine percentages (i.e., high MgO contents) of Group A2 rocks, we refer to them as picritic back-arc basin basalts (Pic-BABB).
A comparison of Group Al basaltic rocks can be made with backarc basin basalts (BABB) from the North Fiji, Mariana, Lau and Sulu Sea back-arc basins, many of which show MORB/IAT transitional magmatic affinities (Hawkins and Melchior, 1985; Sinton and Fryer, 1987; Volpe, Macdougall, Hawkins, 1988; Price et al., 1990; Spadea et al., 1991) . The main petrological characteristics of these lavas have recently been summarized by Falloon et al. (1992) . Compared to MORB, BABB have higher A1 2 O 3 and Na 2 O and lower TiO 2 and FeO contents. They are also relatively enriched in LFSE, LREE, and H 2 O (Hawkins and Melchior, 1985; Sinton and Fryer, 1987) , and they have more radiogenic Sr and Pb isotopic values (Volpe, Macdougall, Hawkins, 1988; Volpe, Macdougall, Lugmair, 1988) . Site 828 Group A lavas of both types show higher A1 2 O 3 and lower FeO and TiO 2 contents with respect to MORB. The use of LFSE and H 2 O contents to test for a backarc basin origin for Site 828 basaltic rocks is precluded due to their strong alteration. However, Nb, P, Zr, Ti, and Y contents are lower than expected for MORB (Fig. 5) , and are intermediate between the MORB and IAT averages of Sun (1980) . As a result, Site 828 BABB have higher Ti/Zr (around 200; Fig. 4 ) and lower Zr/Y (0.92-2.3) than N-MORB, and Y/Nb (13-20) tends to be higher than the N-MORB average (9-15; Cameron, 1985) . Pb isotopic ratios also indicate a more radiogenic source than that of normal-MORB (Fig.  7) . Hence, major elements, HFSE abundances, and isotopic data of these volcanics indicate a MORB/IAT transitional magmatic affinity, analogous to that of BABB. Group A2 Pic-BABB are not suitable parental magmas for Group Al BABB, as they have higher Zr (almost double), Ba, and Sr contents at comparable Ti contents.
The origin of these intermediate MORB-IAT compositional features of BABB is variably attributed to (1) mixing between normal-MORB and/or enriched-MORB with IAT magmas (Ikeda and Yuasu, 1989) ; (2) introduction of an alkali-enriched component into the mantle below the back-arc (Price et al., 1990) ; or (3) addition of fluid/melt from the subducted slab (Sinton and Fryer, 1987) . Whatever their petrogenetic scenario, the overall petrological features of these Site 828 volcanics support the hypothesis that their mantle source was significantly modified by subduction-related components, the influence of which was not strong enough to produce a typical IAT magmatism. Based on incompatible element distributions and their ratios, such as Ti/Zr, Zr/Nb, and Zr/Y, Group A BABB and Group B MORB magmas are not possibly comagmatic, or from the same mantle source. The BABB source was likely to be more refractory, and more enriched by fluid-transported LILE, than the MORB source.
K/Ar age determinations on Sample 134-828A-15N-1, 120-122 cm, and Sample 134-828A-15N-2,0-4 cm, yield ages of 18.7 ± 2 Ma and 10.6 ± 1 Ma, respectively (Rex, this volume). However, a stratigraphic hiatus during most of the Miocene is present in the area and the few upper Oligocene (Rex, this volume; Baker et al., this volume) and middle Miocene ) K/Ar ages recorded have so far been disregarded and attributed to Ar loss during alteration. In fact, the few planktonic foraminifers found in the volcanic breccia of Unit IV indicate a middle Eocene age. This age is also in agreement with the 56 Ma (Paleocene-Eocene) and 36 Ma (Eocene-Oligocene) fission track ages determined by Maillet et al. (1983) on volcanics dredged on the western part of DEZ. Volcanic rocks recovered at Bougainville Guyot (Site 831; Baker et al., this volume) have been dated from early Oligocene (36 ± 1 Ma; Sample 134-831B-84R-1,50-58 cm) to Upper Oligocene (26.6+1 Ma, Sample 134-831B-73R-2, 30-36 cm). Paleontological evidence based on foraminifers found in the overlying carbonate rocks has suggested a late Oligocene age (23.6-28.2 Ma; Collot, Green, Stokking, et al, 1992) , but a 87 Sr/ 86 Sr age determination on the same carbonate yielded an age of 36.5 Ma (Quinn et al., this volume). An age of 15 Ma was also determined on a breccia dredged at Bougainville Guyot , but was considered unreliable due to the high alteration state of the rocks.
The two K/Ar determinations on the Bougainville basement rocks were carried out on samples only about 80 m apart, without any significant evidence of interruption in volcanic activity. Hence, Baker et al. (this volume) disregarded the 27 Ma age on the ground that it probably resulted from Ar loss during alteration, and considered the 37 ± 1 Ma as reflecting the most likely age of the drilled volcanic sequence. Previous drilling by DSDP at Site 286 in the northern part of the Loyalty Basin recovered volcanic conglomerate (Stoeser, 1975) considered to have derived from the Bougainville Guyot (Fisher, 1986; , and dated as between middle and late Eocene in age.
Taking all the above factors into account, a Miocene age for Site 828 basaltic rocks appears unlikely, and, as for Site 831 lavas, the anomalously young ages are probably due to Ar loss during alteration of the Site 828 basalts. Hence, volcanism along the NDZ was probably active between 56 (Maillet et al., 1983) and 37 Ma (Baker et al., this volume).
The tectono-magmatic setting of the NDR volcanics is another controversial matter. During the early Eocene to early Oligocene, a southwest-facing island arc existed in this region, as testified by arc lavas intercalated with middle Eocene sediments along the west coast of New Caledonia (Kroenke, 1984) . If the DEZ represents the northern extension of the Norfolk Ridge, northeastward Cainozoic subduetion was presumably active at that time beneath the NDR (Maillet et al., 1983; Kroenke, 1984) . The relative motion of the Australia-India and Pacific plates suggests that along the DEZ this subduction was probably accompanied by large horizontal displacements, perhaps similar to that observed today at the Hunter Fracture Zone, along the southern termination of the New Hebrides Island Arc (Fig. 1) . Andesitic rocks with island arc magmatic affinity from Bougainville Guyot and volcaniclastic rocks from Site 286 in the North Loyalty Basin may represent the products of this subduction episode. However, in this context, the MORB and BABB basalts recovered from the northern flank of the NDR are puzzling in that, if the SDC represented the volcanic arc of a northeastern-facing subduction zone, then Site 828 would be located on the forearc region of this arc. Recent marine geological and geophysical cruises and ODP drilling along the BoninMariana forearc and Lau-Tonga forearc have demonstrated that backarc opening may transect the arc, commencing in some parts of the arc within the arc axial chain, but sweeping into the forearc region or in other parts of the arc (e.g., Taylor, 1992) . Magmas produced in the forearc region may be either generated from shallower, more refractory upper mantle peridotite, or segregate at deeper levels than in true backarc regions, thus traversing a longer melting column and consequently representing higher-degree partial melts. Either of these models might explain the unusually high-MgO, HFSE-depleted Group A2 magmas recorded from Site 828.
CONCLUSIONS
Lava breccias from below a middle Eocene foraminiferal ooze from Site 828 on the North d'Entrecasteaux Ridge include two basaltic magma suites. One suite, composed of aphyric to sparsely plagioclase + clinopyroxene-phyric basalts, is compositionally analogous to rather evolved normal MORB. The second group includes both basaltic and picritic (up to 15% MgO) lavas that have HFSE depletion and LILE enrichment relative to N-MORB, and major and trace element compositional features intermediate between N-MORB and IAT. These are compositionally akin to many backarc basin basalts (BABB). However considerations of the regional tectonic setting of the d'Entrecasteaux Ridge during the Eocene suggest that the spreading that generated these BABB may have occurred in the forearc region of the southwest-facing arc, part of which probably is represented by Bougainville Guyot.
